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PROGRAMMED DATA PROCESSOR - 6 


36-bit word length 

15 index registers and/or 16 accumulators 

FORTRAN II — Macro assembler — utility programming library 

memory protection and program relocation for multiprogramming and time sharing 

asynchronous operation — modular construction 

262,144-word directly addressable memory (2 /isec and 0.4 ^ sec) 

memory overlap 

363 instructions 

fast floating point arithmetic: floating multiply average 14 /xsec 

program-assignable operation codes 

seven-channel priority interrupt system 

byte manipulation — half-word — block transmission 

128 input/output devices 

programmed input/output transfers require no data channels 
multiple processors 
remote input/output 
mass memory 
Micro Tape 
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Figure 1 Programmed Data Processor-6 
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PDP-8 SYSTEM DESCRIPTION 



Summary 

Programmed Data Processor-6 (PDP-6) is a general-purpose digital computing system 
designed for scientific data processing. The flexibility of this system permits the 
user to specify the data handling capacity and the exact configuration needed to 
meet his requirements. The system can be expanded with presently available 
equipment or, at a later date, with equipment yet to be developed. Faster memories, 
for example, can be added as they become available. 

The PDP-6 system consists of processors, memories, and input/output devices. 
Since each is autonomous (no device is dependent upon another for its timing), a 
system configuration can include memory modules of different speeds, processors 
of different types sharing the same memory modules, and standard or unique 
input/output devices. All of the hardware necessary for time-sharing is built into 
PDP-6. 

For maximum flexibility in system configurations, the PDP-6 system is built around 
two busses: processor-memory bus and processor-input/ouput bus. The memory bus 
permits each processor to directly address 262,144 words of core memory, auto- 
matically permits overlapping, and simplifies multiprocessor operation. An input/ 
output bus of a processor can service up to 128 devices. 

Programming systems include a Monitor, Symbolic Assembler and Macro Processor, 
FORTRAN II Compiler, Debugging Aids, and a library of general utility programs. 

Processors 

A PDP-6 system can include any number of processors of the same or different types. 
The Type 166 is a 36-bit arithmetic processor with many powerful features, including 
16 accumulators, 15 index registers, built in floating point arithmetic, and byte 
operations capability. Memory protection and relocation registers are included for 
time-sharing operations. 

The Type 167 Drum Processor transfers data directly between mass memory and 
core memory, the arithmetic processor supplying only block or job control informa- 
tion. The characteristics of the drum system include a transfer rate of one 36-bit 
word in 6.4 microseconds and a total storage of 4,194,304 words on four drums. 

Memory 

The PDP-6 core memory subsystem permits modular expansion using blocks of 
different sizes and speeds. The Type 163B Core Memory Module (8,192 words) and 
the Type 163C Core Memory Module (16,384 words) have a word length of 36 bits, a 
cycle time of 2 microseconds, and an access time of 0.8 microseconds. The Type 162 
Fast Memory Module contains 16 words with a 0.4-microsecond cycle. 

The memory processor bus permits memory cycle overlap, gives all processors direct 
access to memory simultaneously, and permits easy expansion and modification of 
the memory subsystem. Memory modules are time-independent of processors, per- 


mitting a processor to put a word on the bus and resume operations without waiting 
for memory to write the word. When reading a word, the processor takes the informa- 
tion from the bus and operates on it immediately, without waiting for the memory 
to rewrite. 

Maximum system efficiency is achieved when sequential memory references address 
alternate memory modules. The addressed module places data on the bus as soon 
as it is available in the memory buffer and disconnects itself from the bus while 
rewriting, freeing the processor to store the result or spek the next instruction in a 
second memory module before the first one has competed rewriting. Utilizing such 
overlapping memory references, PDP-6 users can effectively cut in half the time 
required for average random accesses. Multiple connections between the bus and 
each memory module permit module sharing on a priority basis for multi-processor 
operations. 


Input/Output 

The input/output bus consists of device selection, data, control, and status sense 
lines. A seven-channel program-assignable priority interrupt system signals the 
processor when input/output devices require service. Word count and memory 
address registers are located in the processor and are available to all devices. This 
reduces the cost of various input/output controls, and data block transfers may be 
performed between tapes, card readers, printers, displays, and other devices where 
a block transfer may be advantageous. 


Program Preparation 

PDP-6 design eliminates the need for off-line conversion equipment. Conversion 
of programs from cards or paper tape to Micro Tape is done within the Monitor (see 
below) concurrent with normal program running. The Monitor also controls outputs 
to line printer from Micro Tape. Users at peripheral Teleprinters can simultaneously 
prepare and debug their programs on line. The Monitor and memory protection- 
relocation registers protect each user’s storage from others. 


Programming System 

The basic programming system for the PDP-6 consists of a Monitor, Symbolic As- 
sembler and Macro Processor (MACRO-6), FORTRAN II Compiler, Debugging Aids, 
and Library. The entire system is designed to run on any PDP-6 with 16,384 words 
of memory and a Micro Tape Dual Transport and Control. The programming system 
is designed to take full advantage of whatever features are available in larger 
systems. 
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TYPE 166 ARITHMETIC PROCESSOR 


INPUT/OUTPUT EQUIPMENT 



The Type 166 Arithmetic Processor is a general purpose processor capable of 
performing arithmetic, logical and input/output operations. It uses the first 16 
locations in memory as accumulators, index registers, or ordinary memory locations. 
The results of each operation are transmitted automatically to one of these registers 
at the end of each instruction; thus the accumulator resides in memory. Instruction 
times vary, depending on the memory subsystem selected. Use of the Type 162 Fast 
Memory reduces instruction times significantly. 


The 363 operation codes include fixed and floating point arithmetic, logical or 
Boolean, memory or accumulator modification and testing, half word, variable sized 
byte, block transmission, and input/output instructions. Table 1 summarizes in- 
struction categories. 


TABLE 1 SUMMARY OF INSTRUCTION CATEGORIES 


Category 

Operations 

Modes 

Total 

Instructions 

Data Transmission 




87 

full word 

4 

4 

16 


half word 

16 

4 

64 


byte manipulation 

5 


5 


block transfer 

1 


1 


exchange 

1 


1 


Arithmetic and Logic 




127 

fixed-point 

6 

4 

24 


floating-point 

8, 1 

4 

33 


Boolean 

16 

4 

64 


shifting 

6 


6 


Executive 




137 

memory and accumulator 





modification and testing 

6 

8 

48 


arithmetic compare 

2 

8 

16 


logical compare 

16 

4 

64 


jumping 

8 


8 


miscellaneous 

1 


1 


Input/Output 




8 

basic 

4 


4 


augmented 

4 


4 


Push Down 

4 


4 

4 
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Digital offers a large selection of optional equipment for full utilization of the extensive 
input/output capacity of the system. 

MICRO TAPE TRANSPORT TYPE 555 

A fixed address magnetic tape facility for high speed loading, readout, and on-line 
program debugging. Read, write, and search speed is 80 inches a second. Density 
is 375 bits an inch. Total storage is three million bits. Features phase recording, 
rather than amplitude recording; redundant, nonadjacent data tracks, and a pre- 
recorded timing and mark track. 

MJ£R0 TAPE CONTROL TYPE 551 

Controls up to eight Type 555 Micro Tape Transports. Searches in either direction 
for specified block numbers, then reads or writes data. Uses the Type 136 Data 
Control to assemble data and buffer transfers to the processor. 

DATA CONTROL TYPE 136 

Provides for assembly of 6, 12, 18, or 36-bit characters; six input/output devices 
can be controlled. 


TELEPRINTER AND CONTROL TYPE 626 
Permits on-line programming and debugging. Provides hardcopy outputs. Is standard 
Teletype equipment, operating at ten characters a second. 

TELEPRINTER INTERFACE TYPE 630 

Automatically scans up to 64 teleprinter (TTY) lines. Signals a program interrupt 
when teleprinter needs service. 

CARD PUNCH CONTROL TYPE 460 

Permits on-line punching of cards in any format, including IBM, at 100 or 300 
cards a minute. 


CARD READER AND CONTROL TYPE 461 
Provides on-line reading of standard punched cards at 200 or 800 cards a minute 
in alphanumeric or binary codes. 

HIGH SPEED PERFORATED TAPE PUNCH AND CONTROL TYPE 761 
Punches 8-hole tape at 63.3 characters a second. 

HIGH SPEED PERFORATED TAPE READER AND CONTROL TYPE 760 
Reads perforated paper tape photo-electrically at 400 characters a second. 

MAGNETIC TAPE CONTROL TYPE 516 

Automatically controls up to eight tape transports Type 570 or IBM 729 series. Permits 
reading, writing, forward/backward spacing, rewind and unload, and rewind. Uses a 
Type 136 Data Control to assemble data and buffer transfers to the processor. 
Longitudinal and lateral parity is checked. 
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MAGNETIC TAPE TRANSPORT TYPE 570 
Tape motion is controlled by pneumatic capstans and brakes, eliminating conventional 
pinch rollers, clamps, and mechanical arms. Tape speed is either 75 or 112.5 inches 
a second. Track density, program-selectable, is 200 and 556 bits an inch. Tape width 
is one-half inch, with six data tracks and one for parity. Format (200 and 556-bit 
densities) is compatible with the IBM 727 and 729 series. Dual heads permit read 
checking while writing. 


DRUM PROCESSOR TYPE 167 

Establishes a data transmission path between main memory and the drum(s). Up to 
four drums can be connected to the drum processor. 

MAGNETIC DRUM AND CONTROL TYPE 236 
Drum stores 1,048,576 36-bit words organized into 128 tracks, each with 8192 
words consisting of 64 128-word blocks. A word is transferred in 6.4 microseconds, 
and the drum revolution time is 52 milliseconds. 

DISPLAY CONTROL AND MONITOR TYPE 346 
Plots points, lines, vectors, and characters on a 9%-inch-square raster of 1024 
points along each axis. Time between points plotted is 1.5 microseconds in the vector, 
increment, and character modes. In random point plotting, a time of about 35 
microseconds is required per point. 

DISPLAY MONITOR TYPE 343 

Provides additional cathode ray tube display for multiple consoles. 

HIGH SPEED LIGHT PEN TYPE 370 

Detects data displayed by the Types 346 and 343 and inputs identifying signal to 
the computer. 


AUTOMATIC LINE PRINTER AND CONTROL TYPE 680 
Prints 1000 lines a minute, 120 columns a line, any one of 64 characters a column. 

AUTOMATIC LINE PRINTER AND CONTROL TYPE 64 
Prints 300 lines a minute, 120 columns a line, any one of 64 characters a column. 

ANALOG-TO-DIGITAL CONVERTER TYPE 138 
Transforms an analog voltage to a binary number, selectable from six to eleven bits. 
Conversion time varies, depending on the number of bits and the accuracy required. 
Twenty-one combinations of switching point accuracy and number of bits can be 
selected on the front panel. 

MULTIPLEXED ANALOG-TO-DIGITAL CONVERTER TYPE 138/139 
The Type 139 Multiplexer Control permits up to 64 channels of analog information 
to be applied singly to the input of the Type 138 Analog-to-Digital Converter. 
Channels can be selected in sequence or by individual addresses. 

HIGH-SPEED ANALOG-TO-DIGITAL CONVERTER TYPE 142 
Transforms an analog voltage to a signed, 10-bit binary number in 6 microseconds. 
Conversion accuracy is ±0.15% ±1/2 least significant bit. 

ANALOG-DIGITAL-ANALOG CONVERTER SYSTEM TYPE ADA-1 
Performs fast, real-time data conversion between digital and analog computers. 
Maximum sample rate for D/A conversion is 200 kc; for A/D and interlaced con- 
versions, 100 kc. Digital word length is 10 bits. Actual conversion times are 5 
microseconds for A/D and 2 microseconds for D/A. Semiautomatic features enable 
the converter system to perform many of the functions that a computer normally 
performs for other converter interfaces. 
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INSTRUCTION TIMES 



Table 2 summarizes instruction times for each group of instructions. Two times 
are given, a fast time and a slow time. The fast times are based on starting with 
instruction and data in fast memory. The slow times are based on starting with 
both instruction and data in the same core memory and allow for one index refer- 
ence. The fast times are not necessarily minimum, since instructions in the im- 
mediate mode may run faster. Nor are the slow times maximum times, since an 
instruction may take considerably longer if there are several levels of indirect 
addressing. Exact times depend on the program context in which the instructions 
occur and on other factors. Therefore the figures should not be used to calculate 
program running time. 
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TABLE 2 SUMMARY OF INSTRUCTION TIMES 



Instructions 

Fast 

Slow 

. 

Full and half word moves 

1.9 

4.0 

|l. 

Full and half word immediate 

1.5 

2.7 


Byte manipulation 

5.7 

8.0 


Byte manipulation and increment 

7.2 

8.0 

••• 

Block transfer 

1.5+0.8n 

2.4+1.2n 

4 

v* ■ a 

■ i 

Exchange 

2.8 

4.0 


Fixed point add 

2.7 

4.3 

•Sj. 

Fixed point subtract 

2.9 

4.5 


Fixed point multiply 

14.5 

16.1 

‘.if- 

Fixed point divide 

23.4 

25.0 


Floating point add 

5.8 

8.0 


Floating point subtract 

6.0 

8.2 


Floating point multiply 

12.4 

14.5 


Floating point divide 

18.4 

20.5 

.m 

Boolean 

2.7 

4.3 

in 

Shifting (18 bits) 

4.7 

5.9 


Memory, AC modification and testing 

2.6 

3.9 


Arithmetic compare 

2.7 

4.4 

5 

••.i 

Logical compare 

2.7 

4.4 

Jumping 

1.8 

3.0 

*. ; 

•• 

• ' : 

| I/O 

basic 

3.0 

6.2 

■j 

augmented 

3.8 

7.0 

1 

Push down 

3.1 

6.4 
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PROGRAMMED ID.A.T.A. PROCESSOR-8 

36-bit word length a 15 index registers and/or accumulators 
FORTRAN II — MACRO-6 assembler — utility programming library 
Integrated hardware and software for time sharing ■ Microtape 
Asynchronous operation, modular construction ■ Memory overlap 
Core memories up to 262,144 words, 2 jusec, directly addressable 
Fast memory 16 words, 0.4 microsecond ■ 128 input-output devices 
363 instructions a fast floating point — multiply 14 fj . sec average 
Program assignable operation codes e Byte manipulation, half word 
Block transmission h Seven channel priority interrupt system 
Programmed input-output transfers require no data channels 
Multiple processors m Remote input-output 0 Mass memory 
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MEMORY 

The PDP-6 core memory subsystem permits modular 
expansion using blocks of different sizes and speeds. 
The Types 163B and 163C core memory modules 
contain 8,192 and 16,384 words, respectively. Each 
has a word length of 36 bits, a cycle time of 2 micro- 
seconds, and an access time of 0.8 microseconds. 
The Type 162 Fast Memory Module contains 16 
words with a 0.4-microsecond cycle. Slower core 
memories, such as the 5-microsecond Type 161, can 
be used where economy is an overriding criterion. 

The memory- processor bus permits memory cycle 
overlap, gives all processors direct access to memory, 
and permits easy expansion and modification of the 
memory subsystem. In addition, the bus allows the 
processors to remain connected to memory only as 
long as needed to transfer information: That is, a 
processor can put a word on the bus and resume 
operations as soon as the memory acknowledges, 


without waiting for the memory to store the word. 
Similarly, when reading a word out of memory, the 
processor takes the information and operates on it 
immediately, without waiting for the memory to 
finish the rewrite portion of its cycle. 

Maximum system efficiency is achieved when se- 
quential memory references address alternate mem- 
ory modules. The addressed module places data on 
the bus as soon as it is available in the memory 
buffer and disconnects itself from the bus while 
rewriting, freeing the processor to store the result 
or seek the next instruction in a second memory 
module before the first one has completed rewriting. 
Utilizing such overlapping memory references, 
PDP-6 users can effectively cut in half the time re- 
quired for average random accesses. Multiple con- 
nections between the bus and each memory module 
permit module sharing on a priority basis for multi- 
processor operations. 
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mode by which they may be terminated to return 
the communication link to the system. Some of the 
system programs are described below. 

Editor Program, which provides a means for manipu- 
lating the text of a named file on a Micro Tape or 
in the user area of the drum (corresponding to Micro 
Tape). This file may be used for the creation of text 
or for later use as data or as a program to be trans- 
lated by the FORTRAN compiler, etc. The commands 
provided for the editor allow text to be created, de- 
leted, or moved about. 

Peripheral Conversion Program, which handles all 
those jobs normally done by a separate peripheral 
processor. The priority interrupt system and multiple 
memory accumulators in the PDP-6 eliminate virtu- 
ally all loss in running time. Such processing is done 
through the arithmetic processor. 

Inter-Console Message Program, which switches 
message traffic between the various User-Consoles. 
This program provides a means by which the user 
may request manual operations by the operator and 
receive acknowledgment. Such an operation would 
be the mounting/dismounting of user tapes. 

Linking Loader Program accepts programs in a form 
produced by the translators, and produces an area of 
core memory loaded with the program. Upon request, 
it may also produce a storage map of the loaded 
programs along with symbol tables. Several programs 
may be linked together in loading. The loader re- 
quests special library tapes to be loaded, and verifies 
that the program has been completely loaded. 

Translator Dispatcher is called to load the FORTRAN, 
MACRO-6, or other translators. The translators are 
rather large programs that do not reside in memory, 
but are stored on the System Library tape until they 
are called into memory by the translator. 

FORTRAN II Compiler accepts FORTRAN II input 
statements and produces relocatable binary output 
coding for later loading by the Linking Loader. Com- 
piling is done in one pass. PDP-6 FORTRAN II is an 
extension of the conventional FORTRAN II language 
to give the user more facilities and to take advantage 
of PDP-6 hardware. The ASCII character set is used. 
Subscripts may consist of statements (fixed or float- 
ing). Any number of dimensions may be used to 
specify an array. Signed integers have 36-bit values, 
but when used as subscripts are truncated to 18 bits. 

MACROS Assembly Program translates MACRO-6 
input language to a relocatable binary output for the 
Linking Loader. MACRO-6 is a two-pass assembly 
program and the language provides for instruction 
definitions and usage. Literal assignments are made 


by brackets []. Numbers may be expressed as binary, 
octal, decimal, and floating point. Text may be placed 
in a binary program by the occurrence of the “text” 
data generating statement, and “byte” will cause a 
string of bytes to be assigned and packed into a 
word. The “repeat” control statement causes the 
statements following the control to be repeated “n” 
times. 

Debugging Program (DDT) is loaded with a program 
and allows all assembly language programs to be 
debugged. The program may be started or stopped, 
words in the program may be modified, and DDT 
may search the program looking for particular words. 
DDT may also be used in a “trace” or break point 
mode, and the program is run until a particular loca- 
tion (a break point) is encountered. 

The System Subroutines include: 

1 . I/O Format Control which provides for the various 
format statements used in the FORTRAN II lan- 
guage. These subroutines are also available to 
other programs and may be called from the sys- 
tems library tape. 

2. Arithmetic Subroutines which include all the arith- 
metic subroutines required for FORTRAN II, such 
as, sine, cosine, log., log l0 , exponent, tangent, 
arc-tangent, and square root. 
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PDP-6 -.A. UVEOlDTTL^IFt SYSTEM 


The diagram shows the three main parts of a PDP-6 
system — memories, processors, and input-output 
equipment — interconnected with busses. Memories 
and input-output devices contain their own buffer 
registers and control circuits, including decoders to 
recognize commands from the processors. The Data 
Control Type 136 is a double-buffered device which 
is used not only with magnetic tape equipment, as 
shown here, but with any high speed, block transfer 
device, such as drum or disc. 

The system shown in this diagram is a theoretical 
one of very high capacity, but it is entirely within the 
capability of PDP-6. Memory size, indicated by the 
modules on the left, can be as large as 262,144 
words per processor, and up to four processors can 
address a given memory module. Very high speed 
devices, such as drum, tape, disc, and display, can 
have direct access to the memory system through the 
1-0 Processor Type 167. The combination of the 


asynchronous nature of the system and the charac- 
teristics of the memory bus makes possible truly 
simultaneous memory references by two or more 
processors. Sequential memory references made by 
one processor can be overlapped. 

PDP-6 is also a highly effective system in a minimum 
configuration. All system programs will operate in a 
system consisting of a Type 166 Arithmetic Processor, 
a Memory Module of 16,384 words, a Microtape sys- 
tem, and a Teleprinter. Later expansion of either the 
memory or input-output system can be made with no 
change whatever in the existing system. Memory 
modules can be of any speed: A low cost system 
might call initially for slower (5-microsecond) mem- 
ories, later to be augmented by faster memories 
(down to 0.5-microsecond). 

PDP-6 systems are thus completely adaptable to cur- 
rent and future requirements, both technical and 
budgetary. 
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*' f „° ^. r f. 3 * arge se,ect, °n of optional equipment 

capacity of the^ystem! "" eXte " S,Ve inpUt/ ° Utput 

MICRO TAPE TRANSPORT TYPE 555 
A fixed address magnetic tape facility for high speed 

S,d n t ,,”*?■ and oniine ^ XS 

Si, “ speM '■ 80 » » “nl: 

Density is 375 bits an inch. Total storage is three 
million bits. Features phase recording, rather than 

2 td reC ° rding; redundant ’ n °nadjacent data 
tracks, and a pre-recorded timing and mark track. 

MICRO TAPE CONTROL TYPE 551 
Controls up to eight Type 555 Micro Tape Trans 

numbers 3 then' re f ° r Specified b,ock 

nit r t 5 ° r Wrltes data - Uses the Type 

DATA CONTROL TYPE 136 
Provides for assembly of 6, 12, 18, or 36-bit charac 
ters, six input/output devices can be controlled. 

TELEPRINTER AND CONTROL TYPE 

WdeTh H n ' line programmi "g and debugging 6 Pro- 
vides hardcopy outputs. Is standard Teletype equip 
ment, operating at ten characters a second " P 

TELEPRINTER INTERFACE TYPE 630 
SiJ°7 y SCanS Up *° 64 tele P r inter (TTY) lines 
service. 3 Pr ° gram '" terrUPt When tele P""ter needs 

CARD PUNCH CONTROL TYPE 460 

bto” Ofe ’ mmu,e « 

HICH SPEED PERFORATED TAPE PUNCH 
AND CONTROL TYPE 761 
Punches 8-hole tape at 63.3 characters a second 


MICH SPEED PERFORATED TAPE READER 
Ro . „ AND cont ROL TYPE 760 

400 character^a'second. 1 ^ ^ Ph ° t0 elec ‘ r '-"y a. 

MAGNETIC TAPE CONTROL TYPE 516 

Ce^OoMBMTlq UP *° * ight tape trans P° rts 
ype 0/0 or IBM 729 series. Permits reading writ 

mg forward/backward spacing, rewind and Unload 

and rewnd. Uses a Type 136 Data Control to assem' 

ble data and buffer transfers to the processor i on 

gitudinal and lateral parity is checked. 

MAGNETIC TAPE TRANSPORT TYPE 570 

and e hrT'° n ! S COntr °" ed by P netJ matic capstans 
and brakes, eliminating conventional pinch rollers 

5 m or P n a 2 n 5 r n e c C h haniCa ‘ 3rmS - TaPe SP6ed * 

/o or 112.5 inches per second. Track densitv nm. 

gram-selectable, is 200, 556, and 800 bits per inch 

ape width is one-half inch, with six data tracks 

NR2i n D e ua?he P ad nty ' i$ COmpatible with IBM 

NRZI. Dual heads permit read-checking while writing 

FctaKi* , 10 PROCESSOR TYPE 167 
Establishes a data transmission path between main 
memory and block transfer devices such a! h 
magnetic tape, disc files, or CRT displays. mrnS ’ 

MAGNETIC DRUM AND CONTROL TYPE 236 
Drum stores 1,048,576 36-bit words organized into 

lSiord Mol : ,th 8 ' 192 WOrdS consistin g of 64 
seconds an H C ih' 7°^ ' S transferred 6.4 micro- 
seconds! reV °' Uti ° n time is 52 

DISPLAY CONTROL AND MONITOR TYPE 346 
lots points, lines, vectors, and characters on a 

axTs^Time^h? ° f 1,024 P ° ints a,on § each 

seconds in ^ P '° tted is 15 mic ro- 

seconds in the vector, increment, and character 

modes. In random point plotting, a time of about 35 
microseconds is required per point. 

DISPLAY MONITOR TYPE 343 
tip"'co e nsol?° nal Cath ° de ^ tUbe display for 


HIGH SPEED LIGHT PEN TYPE 370 
Detects data displayed by the Types 346 and 343 
and inputs identifying signal to the computer. 

ANALOG-TO-DIGITAL CONVERTER TYPE 138 
Transforms an analog voltage to a binary number, 
selectable from six to eleven bits. Conversion time 
varies, depending on the number of bits and the ac- 
curacy required. Twenty-one combinations of switch- 
ing point accuracy and number of bits can be selected 
on the front panel. 

MULTIPLEXED ANALOG-TO-DIGITAL CONVERTER 
TYPE 138/139 

The Type 139 Multiplexer Control permits up to 64 
channels of analog information to be applied singly 
to the input of the Type 138 Analog-to-Digital Con- 
verter. Channels can be selected in sequence or by 
individual addresses. 

HIGH-SPEED ANALOG-TO-DIGITAL CONVERTER 
TYPE 142 

Transforms an analog voltage to a signed, 10-bit 


binary number in 6 microseconds. Conversion ac- 
curacy is ±0.15% ±1/2 least significant bit. 

ANALOG-DIGITAL-ANALOG CONVERTER 
SYSTEM TYPE ADA-1 

Performs fast, real-time data conversion between 
digital and analog computers. Maximum sample rate 
for D/A conversion is 200 kc; for A/D and interlaced 
conversions, 100 kc. Digital word length is 10 bits. 
Actual conversion times are 5 microseconds for A/D 
and 2 microseconds for D/A. Semiautomatic features 
enable the converter system to perform many of the 
functions that a computer normally performs for 
other converter interfaces. 

AUTOMATIC LINE PRINTER AND CONTROL 
TYPE 646C 

Prints 1000 lines a minute, 120 columns a line, any 
one of 64 characters a column. 

<te> 

AUTOMATIC LINE PRINTER AND CONTROL 
TYPE 646A 

Prints 300 lines a minute, 120 columns a line, any 
one of 64 characters a column. 
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PROGRAMMED DATA PROCESSOR-7 (PDP-7) is a general purpose, solid state, digital computer 
designed for high speed data handling in the scientific laboratory, the computing center, or 
the real time process control system. PDP-7 is a single address, fixed 18-bit word length, binary 
computer using l's complement arithmetic, and 2’s complement arithmetic to facilitate multi- 
precision arithmetic. A random access magnetic core memory with a complete cycle time of 
1.75 microseconds is used to achieve a computation rate of 285,000 additions per second. 
Other features of the basic PDP-7 system include: 



SILICON FLIP CHIP MODULES are used throughout PDP-7. Cost of spares is low. 

FIELD TESTED SOFTWARE includes an .advanced FORTRAN compiler, a symbolic assembler, floating point 
arithmetic, and program compatibility with the field tested PDP-4 program library. 

MODULAR DESIGN permits the addition of peripheral devices simply by plugging in modules and cables. 

COMPREHENSIVE I/O CONTROL, as supplied, connects to 64 input and output devices and includes an 
Input/Output Control, a Program Interrupt, Data Interrupt, I/O Trap, I/O Status, I/O Skip and Real Time Clock. 
Easily expandable to any size. 

I/O TRAP hardware supplied to permit the programming of a time-shared system. 

MULTIPLE AUTO-INDEXING using eight memory locations simplifies programming and increases the speed 
of table look-up and other routines. 

FULLY PARALLEL internal operations simplify maintenance and increase reliability. 

DATA INTERRUPT at data transfer rates up to 570,000 words per second with direct access to core memory 
and without disturbing arithmetic registers. 

PROGRAM INTERRUPT frees processor from time-dependency on external devices. 

ENVIRONMENTAL TOLERANCE permits computer and peripheral equipment to operate without air conditioning 
on 115 ±10 volts AC, 60 ±0.5 cps. 

ASCII STANDARD 8-bit CODE is used with Model 33KSR teleprinter. 

ECONOMICAL MEMORY EXPANSION up to 32,768 words is provided for. 

READ-IN SWITCH loads a block of words from binary paper tape into memory and initiates program execution. 
HIGH SPEED OPERATION with a memory cycle time of 1.75 microseconds and add time of 3.5 microseconds. 
PROGRAMMED TAPE CONTROL permits program control of punch power. 

INDIRECT ADDRESSING simplifies subroutine linkage. 

MICROPROGRAMMING saves program execution and preparation time by coding instructions capable of mul- 
tiple operations. 


Parallel operation and parallel data flow using integrated 
circuit modules assure the highest degree of computer 
reliability possible. All modules, sub assemblies and then 
the final computer are given a thorough test and check-out 
before being released. 


Built into each PDP-7 is a network for marginal test of 
computer sub-sections. Two features of the marginal test 
system make routine checks fast and accurate: The mar- 
ginal check voltage is continuously variable, and all work- 
ing registers are displayed simultaneously on the console 
lights. 
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Central Processor and Control Console 
4096 Word Core Memory 
Input/Output Control with 

Device Selector (up to 64 I 0 connections) 

Information Collector (seven 18-bit channels) 

Information Distributor (six 18-bit channels) 

Program Interrupt 

Data Interrupt 

I/O Trap 

I/O Skip Facility 

I/O Status Check 

Real Time Clock 


High Speed Paper Tape Reader (300 cps) 
High Speed Paper Tape Punch (6 3.3 cps) 
KSR 33 Teleprinter (10 cps) 

Programming Aids 
FORTRAN Compiler 
Symbolic Assembler 
Editor 

Debugging System 
Maintenance Routines 
Library 


ACCUMULATOR 

SWITCHES 
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tt- 


ACCUMULATOR 


MEMORY 

BUFFER 

REGISTER 


MEMORY 

AND 

MEMORY CONTROL 


MEMORY 

ADDRESS 

REGISTER 


PROGRAM 

COUNTER 


PROCESSOR CONTROL 
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ADDRESS 

SWITCHES 


PDP-7 Central Processor and Memory 



Expanded PDP-7 System 


PROCESSOR 

The processor performs logical and arithmetic func- 
tions, provides access to and from memory and con- 
trols the flow of data to and from the computer. It 
consists of the processor control, the memory, 
memory control and six other active registers (see 
diagram). 

ACCUMULATOR (AC) is an 18-bit register which per- 
forms arithmetic and logical operations on the data 
and acts as a transfer register through which data 
passes to and from the I/O buffer registers. 

LINK (L) is a 1-bit register used to extend the arith- 
metic facility of the accumulator. 

MEMORY ADDRESS REGISTER (MA) is a 13-bit reg- 
ister which holds the address of the core memory 
cell currently being used. 

MEMORY BUFFER REGISTER (MB) is an 18-bit reg- 
ister which acts as a buffer for all information sent 
to or received from memory. 

INSTRUCTION REGISTER (IR) is a 4-bit register 
which holds the operation code of the program in- 
struction currently being performed. 


PROGRAM COUNTER (PC) is a 13-bit register which 
holds the address of the next memory cell from which 
an instruction is to be taken. 

MEMORY 

The high speed random access memory is a 4096 
word coincident-current core module with a cycle 
time of 1.75 microseconds. In one cycle the memory 
control retrieves an 18-bit word stored in the memory 
cell specified by the memory address register, writes 
the word by a parallel transfer into the memory buf- 
fer register, and rewrites the word into the same 
memory cell. 

INPUT/OUTPUT CONTROL 

The I/O control links up to 64 input and output 
stations by lines to the central processor, calls the 
stations, and collects and distributes the input/ 
output data. It also controls the interleaving of data 
during a data interrupt, senses the status of I/O 
devices and skips instructions based on this status, 
traps IOT (input-output-transfer) instructions initiat- 
ing a program break, and generates real time signal 
pulses for use by external peripheral equipment. 


PROCESSOR OPTIONS 

Core Memory Module Type 147 extends the memory 
capacity of the PDP-7 from 4096 words to 8192 
words. 

Core Memory Extension Control Type 148 allows the 
expansion of the PDP.-7 memory from 8192 to 32,768 
words in incremlfHs of either 4096 or 8192 words, 
using the Type 149 Memory Modules. The Type 148 
includes an Extended Program Counter, an Extended 
Memory Address Register, and an Extend Mode 
Control. 

Extended Arithmetic Element Type 177 is a standard 
option for the PDP-7 which facilitates high-speed 
multiplication, division, shifting, and register manipu- 
lation. Installation of the EAE adds an 18-bit register, 
the Multiplier Quotient Register (MQ) to the computer 
as well as a 6-bit step counter register. The contents 
of the MQ register are continuously displayed on 
the operator's console just below the accumulator 
indicators. 

The Type 177 and the basic computer cycle operate 
asynchronously, permitting computations to be per- 
formed in the minimum possible time. Further, since 
the EAE instructions are microcoded, several opera- 


tions can be performed by one instruction, thus 
simplifying associated programming. Average multi- 
plication time is 6.1 jusec, average division time is 
9.1 ix sec. 

Automatic Priority interrupt Type 172 increases the 
capacity of the PDP-7 to handle transfers of informa- 
tion to and from input/output devices. The 172 iden- 
tifies an interrupting device directly, without the need 
for flag searching. Multi-level interrupts are permis- 
sible where a device of higher priority supersedes 
an interrupt already in process. These functions in- 
crease the speed of the input/output system and 
simplify the programming. More and faster devices 
can therefore be serviced efficiently. 

The Type 172 contains 16 automatic interrupt chan- 
nels arranged in a priority chain so that channel 0 
has the highest priority and channel 17 8 has the 
lowest priority. The priority chain guarantees that 
if two or more in-out devices request an interrupt 
concurrently, the system grants the interrupt to the 
device with the highest priority. The other interrupts 
will be serviced afterwards in priority order. 

Memory Parity Option Type 176 Provides hard- 
ware for generating and storing parity on transfers 
to memory and checking parity on transfers from 
memory. It extends each core memory word from 18 
to 19 bits. 



’PROGRAMMING SY; 


The PDP-7 Programming System includes an advanced 
FORTRAN Compiler, a Symbolic Assembler, Editor, 
DDT Debugging System, Maintenance routines and 
a library of arithmetic, utility and programming aids 
developed on the program-compatible PDP-4. Both 
the Editor and DDT are designed to allow symbolic 
debugging and computer-aided editing to replace the 
tedious manual equivalent. New and updated pro- 
grams are being developed continuously in the ap- 
plied programming department. 

Symbolic Assembler lets the programmer code in- 
structions in a symbolic language. The assembler 
used on the PDP-7 allows mnemonic symbols to be 
used for instruction codes and addresses. Constant 
and variable storage registers can be automatically 
assigned. The assembler produces a binary object 
tape and lists a symbol table with memory allocations 
and useful diagnostic messages. 

Digital Debugging Tape (DDT) speeds program de- 
bugging by communicating with the user in the ad- 
dress symbols of the source language program. 
Program debugging time is further shortened when 
using DDT because program execution and modifica- 
tion are controlled from the teleprinter keyboard. For 
example, to branch to a new location in the program 
it is only necessary to type the symbolic location 
name on the keyboard followed by the character, 
single quote (’). The same symbol followed by the 
character, slash (/), causes the contents of that lo- 
cation to be typed. By using DDT to insert break 
points in a program, the programmer can make 
corrections or insert patches and try them out im- 
mediately. Working corrections can be punched out 
on the spot in the form of loadable patch tapes, 
eliminating the necessity of creating new symbolic 
tapes and reassembling each time an error is found. 


Symbolic Editor permits the editing of source lan- 
guage programs by adding or deleting lines of text. 
All modification, reading, punching, etc., is controlled 
by symbols typed at the keyboard. The editor reads 
parts or all of a symbolic tape into memory where it 
is available for immediate examination, correction, 
and relisting. 

FORTRAN Compiler used with the PDP-7 is based on 
the field-proven FORTRAN II used with PDP-4 and is 
designed for programming flexibility and operating 
efficiency. FORTRAN permits the PDP-7 user with 
little knowledge of the computer’s organization and 
machine language to write effective programs. Pro- 
grams are written in a language of familiar English 
words and mathematical symbols. Compilation of the 
original FORTRAN source program is performed sepa- 
rately from the compilation of associated subroutines. 


Thus when errors in FORTRAN coding are detected 
by the compiler diagnostic, only the erroneous pro- 
gram need be recompiled. PDP-FORTRAN features 
include the following: 

1-6 decimal digits absolute value gl31,071 

10 decimal digits precision. Exponent range 

2' 7 — 1 to — 2 17 — 1. 


Any arithmetic expression representing an in- 
teger quantity: Variables in a subscript may 
themselves be subscripted to any depth. N di- 
mensional arrays are permitted. 

Mixed expressions containing both fixed and 
floating point variables are permitted. A maxi- 
mum of 300 characters are allowed (statement 
numbers not counted). 


1-99999 


Subroutines not contained in the FORTRAN li- 
brary may be compiled by the use of Function 
and Subroutine statements. Functions and sub- 
routines may be fixed or floating point values as 
defined by initial letter of F-type function con- 
vention. Arguments may be arbitrary arithmetic 
expressions, including functions. 


DECtape (Digital’s Microtape system), magnetic 
tape, paper tape, teletype, display. Format may 
be specified by use of a FORMAT statement. 


Arithmetic statements, I/O statements with FOR- 
MAT, DO, Dimension, Common, IF, GOTO, 
Assign, Continue, Call, Subroutine, Function, 


Variables may be declared as real, integer, and 
FORTRAN. Variable names are 1-6 alphanu- 
meric characters. 


INSTRUCTIONS 

Memory Reference Instructions include arithme- 
tic, logical, data handling, and program control 
instructions. A memory address (bits 5-17) is 
specified as part of a memory reference instruc- 
tion. The contents of this memory address are 
used by the processor in executing the instruc- 
tion. Bits 0-3 contain the instruction code and 
bit 4 signifies that the address is to be indirect. 
Most memory reference instructions require two 
computer cycles (3.5 microseconds). The first 
cycle fetches the instruction itself. The second 
cycle fetches the data addressed and executes 
the instruction. All memory reference instruc- 
tions can be executed indirectly. 

Operate Class Instructions are microcoded in- 
structions used to shift, skip, and complement. 
Bits 5-17 specify which operation the processor 
is to perform when executing the instruction. 
Each bit location represents a unique operation. 
For example, a 1 in bit location 5 is the code to 
clear the accumulator during the execution of 
the operate instruction. A number of different 
operations can be performed simultaneously by 
coding (selecting) several bits in the same 
instruction. 

The Law Instruction loads itself into the accu- 
mulator. It provides a means of loading a nega- 
tive constant without the need of a memory 
reference to get a stored constant. Two com- 
mon uses of law are setting up word counts in 
mag tape transfers and presetting the clock. 

IOT (input/output & transfer) Instructions en- 
able the PDP-7 to communicate with external 
devices, sending control information and trans- 
ferring data. Certain central processor com- 
mands, such as the clock instructions, are also 
in the IOT class. The IOT instruction is micro- 
coded to simplify programming for I/O trans- 
fers. For example, clearing the AC and loading 
a device buffer are done in one instruction. The 
ten bits used for device and mode selection 
provide 1024 possibilities. The format of the 
instruction is as follows: 


ro 
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4 5| 

6 • • • • II 

12 13 

14 

15 16 17 

1 1 1 o 

SI 

1 

MODE 

ELECTIO 

1 

DEVICE M 

N SELECTION SELI 

/ 

ODE 

ECTION 

i 

1 

I/O 

JLSE -TIMING 


CLEAR 

AC 




MEMORY REFERENCE INSTRUCTIONS 


MNEMONIC 

: OPERATION 

CAL 

Y 

call subroutine. Y Is ignored 

jms 20 if bit 4 = 0, jms i 20 if bit 4 = 1. 

DAC 

Y 

deposit AC. C(AC) = > C(Y) 

JMS 

Y 

jump to subroutine. C(PC) = > C(Y. 

C(L) = > C(Y„), Y + 1 = > C(PC) 

DZM 

Y 

deposit zero in memory. 0 = > C(Y) 

LAC 

Y 

load AC. C(Y) = > C(AC) 

XOR 

Y 

exclusive OR. C(AC) V C(Y) = > C(AC) 

ADD 

Y 

add (l’s complement). C(AC) + 

C(Y) = > C(AC) 

TAD 

Y 

2’s complement add. C(AC) + C(Y) = > C(AC) 

XCT 

Y 

execute. 

ISZ ' 

Y • 

index and skip if 0. C(Y) + 1 = > C(Y), if 

C(Y) + 1 = 0, then C(PC) + 1 = > C(PC) 

AND 

Y 

AND. C(AC) A C(Y) = > C(AC) 

SAD 

Y 

skip if AC and Y differ. If C(AC) it C(Y), then 
C(PC) + 1 = > C(PC) 

JMP 

Y 

jump. Y = > C(PC) 



OPERATE INSTRUCTIONS 

MNEMONIC 

OPERATION 

OPR 


operate 

NOP 


no operation 

CMA 


complement, C(AC) =. > C(AC) 

CML 


complement link, C(L) = > C(L) 

OAS 


inclusive OR AC switches 

C(ACS) V C(AC) = > C(AC) 

LAS 


load AC from switches 

C(ACS) = > C(AC) 

RAL 


rotate AC + link left one place 

C(ACj) = > C(ACj-,), C(L) = > C(AC„), 



C(AC„) = > C(L) 

RCL 


clear link, then ral. 0 = > C(L), then ral 

RTL 


rotate AC left twice. Same as two ral 
instructions 

RAR 


rotate AC + link right one place. 

C(ACj) = > C(ACj_,), C(L) = > C(AC„), 



C(AC„) = > C(L) 

RCR 


clear link, then rar. 0 = > C(L), then rar 

RTR 


rotate AC right twice. Same as two rar 
instructions 

HLT 


halt. 0 = > RUN 

SZA 


skip on zero AC. Skip if C(AC) = positive zero 

SNA 

SPA 


skip on non-zero AC. Skip if C(AC) + 
positive zero 


skip on positive AC. Skip if C(AC 0 ) = 0 

SMA 


skip on negative AC. Skip if C(AC 0 ) = 1 

SZL 


skip on zero link. Skip if C(L) = 0 

SNL 


skip on non-zero link. Skip if C(L) = 1 

SKP 


skip, unconditional. Always skip 

CLL 


clear link. 0 = > C(L) 

STL 


set the link. 1 = > L 

CLA 


clear AC. 0 = > C(AC) 

CLC 


clear and complement AC. — 0 = > C(AC) 

GLK 


get link. 0 = > C(AC), C(L) = > C(AC„) 

LAW 

N 

load AC with law N, where N 
equals a constant, law N = > C(AC) 



EAE INSTRUCTIONS 

MNEMONIC 

OPERATION 

EAE 


basic EAE command — no operation 

LRS 


long right shift 

LRSS 


long right shift, signed 

LLS 


long left shift 

LLSS 


long left shift, signed 

ALS 


accumulator left shift 


MNEMONIC 

OPERATION 

ALSS 

accumulator left shift, signed 

NORM 

normalize: max. shift is 44 

NORMS 

normalize, signed 

MUL 

multiply unsigned 

MULS 

multiply signed 

DIV 

divide C(AC and MQ) as a 36-bit unsigned number 

DIVS 

divide C(AC and MQ) as a 34-bit l’s complement 
signed number 

1 DIV 

integer divide unsigned 

IDIVS 

integer divide, signed 

FRDIV 

fraction divide unsigned 

FRDIVS 

fraction divide, signed 

LACQ 

replace the C(AC) with the C(MQ) 

LACS 

replace the C(AC) with the C(SC) 

CLQ 

clear MQ 

ABS 

place absolute value of AC in the AC 

GSM 

place AC sign in link and take absolute value 
of AC 

OSC 

inclusive OR the SC into the AC 

OMQ 

inclusive OR AC with MQ and place results in AC 

CMQ ^ complement the MQ 

PRIORITY INTERRUPT INSTRUCTIONS 

MNEMONIC 

OPERATION 

CAC 

clear and reset all channels 

ASC 

enable selected channel(s) 

DSC 

disable selected channel(s) 

EPI 

enable automatic priority interrupt system 

DPI 

disable automatic priority interrupt system 

ISC 

initiate break on selected channel (for 
maintenance purposes) 

DBR 

debreak . . . Returns highest priority channel 
to receptive state 

IOT INSTRUCTIONS 

MNEMONIC 

OPERATION 

Program Interrupt 

IOF 

turn off interrupt 

ION 

turn on interrupt 

ITON 

turn on trap, also turns on program interrupt 

10 Equipment 

IORS 

read status of io equipment 

Clock 

CLSF 

skip if clock flag is 1 

CLOF 

turn off clock, clear clock flag 

CLON 

turn on clock, clear clock flag 

Paper Tape Reader 

RSF 

skip if reader flag is a 1 

RSA 

select reader for alphanumeric, clear reader flag 

RSB 

select reader for binary, clear reader flag 

RRB 

read the reader buffer into AC, clear reader flag 

Paper Tape Punch 

PSF 

skip if punch flag is a 1 

PLS 

punch a line in alphanumeric mode 

PCF 

clear punch flag 

PSB 

punch a line in binary mode 

Keyboard Input from Teleprinter 

KSF 

skip if keyboard flag is a 1 

KRB 

read the keyboard buffer into the AC, clear key- 
board flag 

Teleprinter 

TSF 

skip if teleprinter flag is a 1 

TLS 

load teleprinter buffer and select, clear teleprinter flag 

TCF 

clear the teleprinter flag 


MNEMONIC 


OPERATION 


MNEMONIC 


OPERATION 


i 


i 

| 



DECtape 550 

MMRD Read. Transfers one word from data buffer to 
the AC 

MMWR Write. Transfers one word from the AC to data 
buffer 

MMSE Select. Connects the unit designated 
to the DECtape control 

MM 1C Load Control. Sets the DECtape control 

to the proper mode and direction 

MMRS Read Status. Reads the DECtape status 
conditions into bits 0-8 of the AC 
MMDF skip on DECtape data flag 
MMBF skip on DECtape block end flag 
MMEF skip on DECtape error flag 

Tape Control 57A 

MSCR skip if the tape control ready (TCR) level 
is 1 

MCD disable the TCR flag from the program in- 
terrupt and clear command register 
MTS disable the TCR flag from the program in- 
terrupt, turn off the WCO flag and EOR 
flag, and select the unit, the mode of parity, 
and the density from the AC 
MSUR skip if the tape transport is ready (TTR) 

MTC place AC bits 9-12 in the tape control com- 
mand register and start tape motion 
MNC terminate the continuous mode (the AC is 
cleared) 

MSWF skip if the WCO flag is a 1 
MDWF disable WCO flag 

MCWF clear WCO flag 

MEWF enable WCO flag 

MIWF initialize WCO flag 

MRC switch mode from read compare to read 

MRD switch mode from read to read compare 

MSEF skip if the EOR flag is a 1 
MDEF disable ERF 

MCEF clear ERF 

MEEF enable ERF 

MIEF initialize ERF, clear and enable 
MTRS read tape status bits into the AC 
MCC clear CA and WC 

MCA transfer AC bits 5-17 to CA and clear 

CA and WC 

MWC transfer AC bits 5-17 to WC 

MRCA transfer CA bits 5-17 to AC bits 5-17 

Display 340 

IDVE skip if vertical edge is encountered 

IDHE skipiif horizontal edge is encountered 

& 

MEMORY BUFFER 

mrrnr it utility m 


ACCUMULATOR 



ACCUMULATOR 


0 o 00 o oto 0 op 0 Op 0 op O 0 


IDSI skip on stop interrupt 

IDSP skip on light pen interrupt 

IDRA read display address 

IDRS clear the light pen flag, restart display 

IDLA load display address, start display 

IDRC read x and y registers 

IDCF clear all flags 

IDRD restart display 

Card Readers 

CRSF skip is reader character flag is a 1 

CRSA select card reader for alphanumeric 

CRSB select card reader for binary 

CRRB read card column buffer into AC 

Line Printer 647 
LSDF skip if the done flag is a 1 

LSEF skip if the error flag is a 1 

LPCB 1. clear the done flag 

2. clear and initialize the printer buffer 

3. set the done flag 

LPCF clear the done flag 

LPL1 1. clear the done flag 

2. load character C from the AC into the printer 
buffer 

3. set the done flag 

LPL2 1. clear the done flag 

2. load character B and then character C from 
the AC into the printer buffer 

3. set the done flag 

LPL3 1. clear the done flag 

2. load character A and then character B and 
then character C from the AC into the printer 
buffer 

3. set the done flag 
LPPB 1. clear the done flag 

2. print the contents of the printer buffer 

3. clear and initialize the printer buffer 

4. set the done flag 

LPLS 1. clear the done flag 

2. space according to the space channel num- 
ber in bits 15-17 of the AC 

3. set the done flag 
LPPS 1. clear the done flag 

2. print the contents of the printer buffer 

3. clear and initialize the printer buffer 

4. space according to the space channel num- 
ber in bits 15-17 of the AC 

5. set the done flag 

LIMA PIE RUM EtTCM DEFER EXECUTE BREAK INSTRUCTION 

□□□ □ □ □ □ rrm 

PROORAM COUNTER 

Liixmrmmnrm 

MEMORY ADDRESS 

c 1 1 x 1 1 i rmrmrm 

EXTEND ADDRESS 


Op 00 00 0p O 00 0 00 0 0 
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1.75-microsecond core memory 
cycle 

3.5 -microsecond add time 

4.4-microsecond average high- 
speed multiply 

9 -microsecond average high- 
speed division 

8 auto indexing memory loca- 
tions 

10-megacycte silicon circuitry 

18-bit parallel operations 

36- or 18-bit arithmetic, fixed- 
or floating-point (programmed) 

256 input/output stations, with 
program interrupt 

4096- to 32,768-word core 
memory 

570,000 word transfers per sec- 
ond 


Extensive programming system, 
with FORTRAN II compiler 

FORTRAN operatinglsystem for 
installations witbrf.Ticrotape 

Computer-aided programming 
Indirect (deferred) addressing 
Input/output bus 
Real-time control 

Complete selection of input/ 
output equipment 


PDP-7 SYSTEM 
DESCRIPTION 


The Programmed Data Proces- 
sor-7 (PDP-7) is a multipurpose 
digital computer designed for 
engineering and scientific use 
in laboratories and computation 
centers. The standard system 
includes the processor, 4096- 
word core memory, real-time 
control, operating console, and 
input/output console typewriter 
for keyboard or perforated tape 
input and output. The standard 
programming system includes 
the Symbolic Assembler and 
Relocating Linking Loader, 
Symbolic Debugging Program, 
Symbolic Tape Editing Pro- 
gram, and FORTRAN II Com- 
piler. 


PROCESSOR 


The processor performs logical 
and arithmetic functions, pro- 
vides access to and from the 
memory, and controls the flow 
of data to and from the com- 
puter. It consists of the Proc- 
ess Controller, which issues 
timing, state, and other signals 
to other elements of the proc- 
essor, and six active registers. 

The ACCUMULATOR (AC) is an 
18-bit register which performs 
arithmetic and logical opera- 
tions on the data and acts as 
an input/output register to 
transfer data between memory 
and input/output stations. It 
can be cleared, complemented 
and shifted right or left with 
the Link. 


The LINK (L) is a 1-bit register 
used to extend the precision of 
the accumulator, permitting 
more rapid performance of 36- 
bit arithmetic and acting as the 
carry register for twos comple- 
ment arithmetic. It can be 
cleared, complemented, and 
sensed. 

The MEMORY ADDRESS REG- 
ISTER (MA) is a 13-bit register 
which holds the address of the 
core memory cell currently be- 
ing used. The address can be 
deposited in the MA from the 
MEMORY BUFFER REGISTER, 
PROGRAM COUNTER, or an 
input/output station causing a 
data interrupt. The MA can be 
cleared or incremented by one. 

The MEMORY BUFFER REGIS- 
TER (MB) is an 18-bit buffer 
which stores data and instruc- 
tions temporarily as they are 
being transferred between 
memory and input/output 
stations, ACCUMULATOR, PRO- 
GRAM INSTRUCTION REGIS- 
TER, or PROGRAM COUNTER. 
The MB can be incremented by 
one. 

The PROGRAM INSTRUCTION 
REGISTER (PIR) is a 4-bit reg- 
ister which holds the operation 
code of the program instruction 
currently being performed. The 
code is taken from the corres- 
ponding bits of the MEMORY 
BUFFER REGISTER. 

The PROGRAM COUNTER (PC) 
is a 13-bit register which holds 
the address of the next memo- 
ry cell from which an instruction 
is to be taken. The address of 
the next instruction can come 
from the MEMORY BUFFER or 
MEMORY ADDRESS REGIS- 
TERS or from the ADDRESS 
SWITCH REGISTER on the op- 
erating console. 





MEMORY 

I 

The memory stores operands 
’$ and instructions. In the basic 
I system it consists of a single, 
| 4096-word module which cycles 

I in 1.75 microseconds, that is 
i ! retrieves the number stored in 
the memory cell specified by 
the MEMORY ADDRESS REG- 
ISTER, writes the number into 
the MEMORY BUFFER REGIS- 
TER, and rewrites it into the 
same memory 


REAL-TIME CONTROL 

The Real-Time Control links up 
to 256 input/output stations 
by a bus to the processor, calls 
the stations, collects and dis- 
tributes the input/output data, 
interrupts to perform the sub- 
routines required by input data, 
interrupts for feeding data in 
or out, permits program in- 
struction skipping based on the 
status of the input/output sta- 
tions, and generates timing 
| pulses. 

The functions of the Real-Time 
Control are: 

Input/output station calling — 
: performed by decoders which 

read input/output transfer in- 
structions, call the ' required 
station, test its status, and read 
data out or in. 

Data collecting — accepts par- 
allel input data from the sta- 
tion called by the ihput/output 
instruction and transfers it to 
the accumulator. 

Data transmitting — transfers 
the data word in the accumu- 
lator to the proper input/out- 
put station. 

Program interrupting — an 
operating mode which permits 
specified conditions of input/ 


output stations to interrupt the 
program and initiate a sub- 
routine to process data for or 
from the input/output station. 
The contents of the processor’s 
registers are stored in mem- 
ory while the interruption con- 
tinues, then the program 
resumes when the subroutine 
is completed. 

Data interrupting — an operat- 
ing mode which allows the 
processor to interleave date 
transfers, at rates up to 570,- 
000 words per second, with the 
operating program. 

Input/output skipping - — • an 
operating mode which directs 
the program to skip input/out- 
put subroutines if the input/ 
output station is not ready. 
Real-time clock — provides a 
counting resolution of 16.6 mil- 
liseconds and can be preset to 
interrupt the program at pre- 
determined intervals. 

INPUT/OUTPUT 

The console typewriter permits 
the operator to enter data into 
the processor on perforated 
paper tape or on the keyboard 
at 10 characters per second. 
Output from the processor, on 
perforated paper tape or 
printed, is also presented at 10 
characters per second. 

MEMORY SUBSYSTEM 


The basic 4096-word PDP-7 
memory can be expanded to 
32,768 words using the Type 
148 Memory Extension Control 
and the 8192-word Type 149 
Memory Modules. Word length 
is 18 bits, and cycle time is 
1.75 microseconds. Memory 
contents are not affected by 
power failure. 


INPUT/OUTPUT SUBSYSTEM 

The input/output subsystem in- 
cludes the bus, real-time con- 
trol, and up to 256 input/out- 
put stations. The bus consists 
of station selection, data, con- 
trol, and status sensing lines. 
It simplifies expansion in the 
field, since new input/output 
stations need not be connected 
to the processor, only to the 
bus. An optional 16-channel, 
priority interrupt system sig- 
nals the processor when an 
input/output station requires 
service. The processor can serv- 
ice most of the input/output 
stations simultaneously. 

FAST, EASY MAINTENANCE 


Three features of the PDP-7, 
in addition to the proven relia- 
bility of the System Modules 
from which it is built, insure 
fast, easy maintenance and a 
lower mean time to repair. 
These provisions are built-in 
marginal checking, a complete 
set of diagnostic programs and 
routines for the processor, 
memory, and input/output sta- 
tions, and parallel organization 
to permit rapid isolation of 
error sources. 


PROGRAMMING 

SYSTEM 


The basic programming system 
for the PDP-7 includes the Sym- 
bolic Assembler and Relocating 
Linking Loader, Symbolic De- 
bugging Program, Symbolic 



Editing Program, the FORTRAN 
II Compiler with a standard 
FORTRAN library, Input/Output 
Programs, Arithmetic Routines, 
and utility and maintenance 
routines. All will operate in the 
basic PDP-7: processor, 4096- 
word memory, and Console 
Typewriter with paper tape 
punch and reader. 

The programming system is de- 
signed to make fully available 
to each usejpthe unlimited gen- 
eral-purpose computing ability 
of the PDP-7 and to serve as 
the operating nucleus of an ex- 
tensive library of programs and 
routines to be made available 
to all installations. New tech- 
niques, routines, and programs 
are always being developed, 
field-tested, and documented in 
the Digital Program Library for 
incorporation in each user’s 
system. All are intended to let 
the system operate more effi- 
ciently and to increase the ease 
with which it is programmed. 

PROGRAM PREPARATION 

In the basic system, the FORT- 
RAN Compiler produces an 
output in assembly language 
which serves as the input to the 
Symbolic Assembler and Relo- 
cating Linking Loader. 

The PDP-7 Extended FORTRAN 
Operating System for installa- 
tions with Microtape permits 
one-pass program preparation. 
It accepts source language in- 
puts from the typewriter, paper 
tape, or prestored on Microtape. 
A feature of the system is on-line 
(run-time) debugging in the 
source language. The system 
halts at run time, having pre- 
pared, assembled, and called 
everything needed except the 
input data. 


SYMBOLIC ASSEMBLY SYSTEM 

Elements of the PDP-7 Symbolic 
Assembly System are the Sym- 
bolic Assembler and Relocating 
Linking Loader, the Symbolic 
Debugging System, and the 
Symbolic Tape Editing Program. 

The assembly system allows the 
programmer at any PDP-7 in- 
stallation to work in a system 
context. A conditional assembly 
feature allows the selective as- 
sembly of master library sub- 
routines, and a macro feature 
permits easy generation of a 
local or private library. If de- 
sired, the linking loader will 
produce at run time an absolute 
listing for the linked object 
programs. 

Symbolic Debugging System 
DDT-7 lets the programmer use 
the PDP-7 to debug on-line at 
run time, giving him instanta- 
neous feedback when he makes 
changes. This dynamic debug- 
ging, extensively developed by 
Digital, gives the user close 
control, preventing flaws in his 
object program from destroying 
significant portions of the mem- 
ory contents. Using the type- 
writer, he can communicate 
conveniently with the PDP-7 in 
the symbols of his assembly 
language. He can control the 
execution of any portion of his 
object program by inserting 
breaks in it. When the computer 
reaches a break, it transfers 
control of the object program to 
DDT-7. The user can then ex- 
amine and change the contents 
of individual memory registers 
to correct and refine his object 
program. 

The Symbolic Tape Editor lets 
the user edit, correct, and up- 
date symbolic object program 


tapes using the PDP-7 and tf 
console typewriter. 

FORTRAN II COMPILER \ 

Assembly languages are essef 
tially oriented toward the rrs- 
chine, rather than toward ti 
procedures for solving prof 
lems. The program written t 
assembly language has, accorp 
ingly, a close relationship to ti 
machine language version of til 
program in number of instru* 
tions and in the degree to whies 
the format of the machine ir| 
struction dictates the format | 
the symbolic language instrul 
tion. FORTRAN (for FORmul 
TRANslation) provides a Ian 
guage that is oriented insteal 
toward the problem-solving pr| 
cedures. It lets the programme* 
express the problem he is try 
ing to solve in a mixture | 
English words and mathemal 
ical statements that is close I 
the language of mathemati(| 
and is also intelligible to tl| 
computer. In addition to shorf 
ening the time needed to pr# 
pare programs, it lets the useS 
with little or no knowledge 0 ! 


the computer's organization and 
machine language write effec- 
tive programs for it. 

The FORTRAN language con- 
sists of four general types of 
statements: arithmetic, logic, 
control, and input/output. It 
permits the use of fixed- and 
floating-point constants, varia- 
ble names, subscripts, functions 
and subroutines not in the 
FORTRAN library, and several 
types of input/output equip- 
ment. 

The FORTRAN II Compiler for 
the PDP-7 contains the instruc- 
tions the computer needs to 
carry out the clerical work of 
translating the FORTRAN ver- 
sion of the problem statement 
into an object program in ma- 
chine language. It also produces 
diagnostic messages to help 
pinpoint source language errors. 
After a program is compiled 
with FORTRAN, it and the data 
it will work with are loaded into 
the computer to solve the prob- 
lem. Sin, cos, square root, nat- 
ural log, exponential, arctan, 
and absolute value are the 
standard library subroutines 
supplied. 



INPUT/OUTPUT PROGRAMS 

The input/output programs for 
the PDP-7 include a magnetic 
tape package for conventional 
magnetic tape installations, a 
Microtape package for use with 
the Microtape Dual Transport 
and Control System, routines 
for using Precision Displays and 
Light Pens, and a buffered in- 
put/output package to permit 
simultaneous use of the type- 
writer, high-speed paper tape 
reader, tape punch, card reader, 
card punch, and line printer. 

ARITHMETIC ROUTINES 


Arithmetic routines include 
fixed- and floating-point double 
precision packages, multiply 
and divide subroutines, auto- 
matic multiplication and divi- 
sion with the Extended Arith- 
metic Element, and standard ele- 
mentary function subroutines. 

UTILITY AND 
MAINTENANCE ROUTINES 

Other routines are provided for 
duplicating and verifying tapes, 
testing basic machine functions, 
testing machine instructions, 
testing memory, and testing the 
typewriter. Routines to test op- 
tional input/output equipment 
are provided with the equipment. 


TRAINING 
AND ASSISTANCE 


Digital offers monthly courses in 
programming and maintaining 
each of its computer models as 


part of the service provided to 
purchasers. These courses in- 
clude instruction by experienced 
Digital personnel, training man- 
uals, and supplies. Classes are 
kept small to insure adequate 
individual attention. Digital will 
assist you with specific pro- 
gramming problems before, 
during, and after installation of 
your computer and can provide 
a computer at our home office 
to let you check out your pro- 
grams under the guidance of 
Digital programmers until your 
own computer is on line. 

DECUS LIBRARY 
AND NEWSLETTER 


In addition to the Digital PDP-7 
Program Library, users of Dig- 
ital equipment have access to 
the growing DECUS Library of 
utility programs, subroutines, 
and other programming ma- 
terials. DECUS (for Digital 
Equipment Computer Users' So- 
ciety) was formed to promote 
a free and effective interchange 
of information. A principal 
channel for the information flow 
is DECUSCOPE, a monthly tech- 
nical newsletter to which users 
contribute their ideas, tech- 
niques, routines, and program 
summaries. The DECUS Library 
distributes to members program 
write-ups and the correspond- 
ing program tapes and listings. 
Certification of these materials 
is under the direction of the 
users’ programming committee, 
which also guides the operation 
of the Library. DECUS also pub- 
lishes the proceedings of its 
annual symposiums and fre- 
quent seminars. 
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PDP-7 INSTRUCTIONS 

MEMORY REFERENCE INSTRUCTIONS 


Addressable or memory reference instructions which contain 
a memory address. The address portion of the instruction 
word specifies the location of an operand in the memory. 


Mnemonic 

Code 


add Y 


Mnemonic 

Code 

Octal 

Code 

Time 

(Msec) 

Operation 

cal 

00 

3.5 

Same as jms 20. The address portion 


of this instruction is ignored. The 
cal instruction may be used for 
calling subroutines via a master cen- 
tral program which keeps track of 
exit addresses, allocates storage, 
and supplies parameters to the sub- 
routines. 

dac Y 04 3.5 Deposit Accumulator. C(AC)* are 

deposited in memory register Y. 
The C(AC) are unaffected by this 
operation. 


jms Y 


dzm Y 


lac Y 


10 3.5 Jump to Subroutine. C(PC) are de- 

posited in memory register Y. The 
next instruction will be taken from 
Y + 1, the beginning of the sub- 
routine. 

14 3.5 Deposit zero in memory. The con- 

tents of register Y are changed to 
zero. The original contents of Y are 
lost. 

20 3.5 Load AC. The C(Y) replace the C(AC). 

The previous C(AC) are lost. The 
C(Y) are unaffected. 


xor Y 24 3.5 Exclusive OR. The exclusive "OR" 

logical function is performed on a 
bit-by-bit basis between the C(AC) 
and C(Y). The result is left in the 
AC and the original C(AC) are lost. 


* C(AC): contents of the accumulator. 


tad Y 


xct Y 


isz Y 


and Y 


sad Y 


jmpY 


The operating console is de- 
signed to simplify and speed 
programming, operation and 
maintenance of the PDP-7. It 
includes keys and switches to 
start and stop the computer, 
examine the contents of any 
memory register and any proc- 
essor register, deposit words in 
memory, turn the power on and 
off, and step through the pro- 
gram at variable speeds. The 
complete array of indicators 
permits the operator to deter- 
mine the state of every active 
register in the computer. 


programming 

Ej- he PDP-7 uses two types of 
instructions: memory reference 
g, n d augmented. Memory refer- 
ence instructions store or re- 
Bneve the data they use in core 
Temory. Augmented instruc- 
tors do not store or retrieve 
fata in memory. They let the 
oroerammer use the address 
portion of the instruction to 
specify logical operations, giv- 
ing the PDP-7 a microprogram- 
ming capability. Instruction ex- 
ecution times are multiples of 
u’hel 75-microsecond core mem- 
Jpry cycle time. Memory refer- 


ence instructions are carried 
out in 1.75or3.5 microseconds, 
with an additional 1.75microsec- 
onds required for single-level 
indirect addressing. Augmented 
instructions are carried out in 
175 microseconds. 

The instruction word format is 
shown below. The first four bits 
contain the code of the instruc- 
tion to be performed. The fourth 
bit, when it contains a one, in- 
structs the computer to use the 
indirect, or deferred, address 


selection mode. In this mode, 
the computer finds in the mem- 
ory location specified by the 
address portion a 13-bit actual 
address in which to retrieve or 
store the data it needs or is 
working with. If the memory lo- 
cation containing the actual ad- 
dress is one of the auto index- 
ing registers, 10 8 through 1 7 a , 
a one is added to the number 
before it is used for the ad- 
dress. This lets the computer 
perform many addressing func- 
tions for the programmer. 


0 

0 

1 2 I 

E 

0 

a 

a 

a 

8 

E 

10 

1 11 

12 

14 

15 

16 

17 

ZJ- J 


Code 


-Indirect Bit 


Octal Time 
Code Usee) 
30 3.5 


Operation d 

Add (ONE'S Complement). The^ 
are added to the C(AC) in 0 
complement arithmetic. The resi#,gjcaf operations, 
left in the AC and the original (Memory register, 
is lost. This type add instructioIL following instruction loads itself into the AC. 
commonly used for most arithrr# 

The Link bit is set to a ONE i4 nemomc 
sum of the magnitude of C(Y)™- • 

C(AC) is greater than 2’ 7 — 1. 


34 3.5 


40 1.75 + 
instruction 
execute 
time 

44 3.5 


50 3.5 


54 3.5 


augmented instructions 

jemented instructions provide micro programming capa- 
iljty by using the address portion of the instruction to select 
• • *•= — These instructions do not address a 


Octal 

Code 


Time 

(Msec) 


law 


Operation 

76 1-75 The address position of this instruc- 

tion may be used to specify a 
constant. 


ipnemonic 

Code 

opr 


Octal 

Code 


Time 

(Msec) 


Operation 


Add (TWO's Complement). The 
are added to C(AC) in TWO’s 
plement arithmetic. If there 

carry out of bit 0, the Link witt hpfrate GROUP 

set to ONE. This type of addl 01 PERATI E Gl ROl ^ 

struction is useful in multiple Mhe operate instructions use bits 5 through 17 to p iy 
cision arithmetic. variations of the basic instructions. 

The instruction in register Y will 
executed. The computer will act 
the instruction located in Y wer£ 
the place of the xct Y. 

Index and Skip if zero. The C(Yj 
replaced by C(Y) + 1. The C(AC) 
unaffected by this instruction. \ 
addition is done using two's cortij 
ment arithmetic. If the sum is ” 
the next instruction is skipped. - 
Logical AND. The logical "Afi 
function is performed on a bit-b)# 
basis between C(AC) and C(Y), 
result is left in the AC and the of! 
nal C(AC) are lost. 

C(Y) are compared with the C(Ail 
If the two numbers are different, t| 
next instruction in the sequencer Codp Porip 
skipped. The C(AC) and C(Y) d * C °' le 
both unaffected by the instructiofcma 
fml 
>as 


Mnemonic Octal 
Code Code 


Operation 


Sequence of 
Occurrence 


hit 

40 

sma 

100 

spa 

1100 

sza 

200 

sna 

1200 

snl 

400 

szl 

1400 

skp 

1000 

ell 

4000 

cla 

10000 


Halt the machine 

Skip on minus AC. If AC 0 — 1. the next 
instruction in sequence is skipped. 
Skip on plus AC. If AC 0 = 0, the next 
instruction in sequence is skipped. 
Skip if AC * 0. 

Skip if AC $ 0. 

Skip if Link t 0. 

Skip if Link + 0. 

Skip unconditionally. 

Clear Link. 

Clear AC. 


4 

1 


1 

1 

1 

1 

1 

2 

2 


Mnemonic Octal 


60 1.75 Jump. The C(PC) are reset to at 1 

dress Y. The next instruction to 
executed is taken from memoL, 
register Y. The original contents* 
the PC are lost. 


74xxxx 1.75 Operate. The operate instruction is 
also the conditioning (skip) instruc- 
tion When a particular condition is 
present, the following instruction will 
be .skipped. The various micro pro- 
gram events occur at different times 
--to allow several events to be pro- 
grammed which affect the same ele- 
ment. This is a micro program in- 
struction using bits 4-17 to specify 
the desired operations. Combina- 
tions of the individual operations 
can be made. The operations are 
specified by bits as follows 


IN-OUT TRANSFER GROUP 

The instructions in this group are similar to the ° p ® f r ^ e 
Group instructions except they pertain to the transfer of in- 
formation between the Central Processor and various input- 
output devices. Bits 4 through 17 select and control input- 
output devices. 


Mnemonic Octal 
Code Code 


Time 

(Msec) 


iot 70xxxx 1.75 


1 

2 

4 

10 

2010 

20 

2020 


Operation 

Complement AC. 

Complement Link. 

Inclusive OR AC switches with AC. 
Rotate AC and Link left one place. 
Rotate AC and Link two places left. 
Rotate AC and Link right one place. 
Rotate AC and Link two places right. 


Sequence of 
Occurrence 

3 

3 

3 

3 

2,3 

3 

2,3 


Operation 

In Out Transfer. This instruction 
which forms a micro program is used 
to select an input or output device. 
The instruction forms a micro pro- 
gram and has the following format: 

Command Bits 

0-3 


Specifies the in-out instruction 
(Operation Code 1110) 

May be used to select sub-device 
Selects the device 
May be used to select sub-device 
Clears the AC at event time 1 if a ONE 
Transfers an IOT pulse at event time 3 if a ONE 
Transfers an IOT pulse at event time 2 if a ONE 

Transfers an IOT pulse at event time 1 if a ONE -- 

Bits 13-17 may be used together in any combination to allow 
various types of in-out command structures, and these may 
handle 1, 2, or 3 devices per selection (bits 4-12) depending 


4-5 

6-11 

12-13 

14 

15 

16 
17 
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